A sbe stos has been used as far back as Roman times. In 1877, Canada began mining asbestos and became the world's largest producer of the mineral. Asbestos was used extensively in both Canada and the United States during the war years 1940 to 1945 (Logan , 1985) . Asbestos is a commercial name used to de scribe several types of fibrous minerals with properties that retard tire, insulate, and strengthen.
These minerals have been used in a wide variety of products in the United States. Asbestos was used frequently in buildings con structed between 1940 and 1973 . Asbestos containing materials were applied to structural components, steam and water pipes, boilers, water heaters, walls, and ceilings. Concurrent with its widespread use were noticeable increases in the incidence of certain types of lung disease and cancer among workers who mined, milled, manufactured, and applied asbestos containing products (Wagner, 1974; Becklake, 1976; Nicholson, 1983; McDonald, 1983) . Selikoff (1978) reviewed expected and observed deaths among 17,800 asbestos insulation workers in Canada and the United States. These workers were followed prospectively from January 1, 1967 to January 1, 1977. Approximately 20 % of all deaths in this population were due to lung cancer, 6% to 7% to pleural and/or peritoneal mesothelioma, and a greater than expected percentage of deaths were due to other cancers, e.g . , cancer of the esophagus, stomach, colon-rectum, oropharynx, larynx , and kidney.
A study of 983 Quebec chrysotile workers at work in 1966 was used to examine the relationship over time (temporal patterns) between exposure and nonmalignant pulmonary abnormalities (Copes, 1985) . In all cases, temporal patterns of exposure influenced expo sure response and relationships. Using questionnaires, and radiographic and lung function information , the analyses added evidence that expo sures to airborne asbestos may result in airway abnormalities. As a result of such studies, public health efforts to reduce exposure to asbestos were initiated through the Environmental Protection Agency (EPA) and the Occupational Safety and Health Administration (OSHA). OSHA began regulation of asbestos in 1971. A 12 fiber per cubic centi-meter (cc) of air permissible exposure limit (PEL) for asbestos was included in the initial promulgation of the OSHA standards on Mav 29, 1971 . This standard was revised for general industry and became effective June 1972, establish ing an 8hour time-weighted average PEL of five fibers longer than 5 micrometers per cc of air and a ceiling limit concentration where no employee at any time should be exposed to greater than 10 fibers per cc of air (CFR, 1(86) . This was revised effecti ve Jul y 1, 1976 to an S-hour time-weighted average PEL of not more than 2 fibers per cc of air.
In 1986 the OSHA standard for general industry was again revised to lower the exposure limit to workers to 0.2 fibers per cc of air with an action level of 0.1 fibers per cc of air requiring certain engineering controls, work practices, and respiratory protection. OSHA also extended the standard for asbestos exposure to the construction industry (CFR, 1986) . Recent legislation (September 14, 1988 ) reinstated a maximum exposure limit or excursion limit of 1.0 fibers per cc over 30 minutes (CFR, 1988) .
The EPA focused on the application and removal ofasbestos containing material , identification of friable asbestos in schools, industrial emission of asbestos fibers, and disposal of asbestos waste. The first EPA regulations were issued in 1973 under the National Emission Standards for Hazardous Air Pollutants (NESHAP) (CFR, 1984) , as authorized by the 1970 Clean Air Act.
The first regulations were directed largely at the asbestos industries, but also partially banned further use of spray-applied and trowelled-on asbestos containing material (ACM) in new buildings, and established procedures for handling ACM during demolition. The regulations were revised in 1975 and 1978 to cover building renovations, the use of all types of insulating ACM in new buildings, and asbestos emissions from ACM waste disposal (US EPA, 1985) .
The intent of these rules was to reduce the incidence of asbestos related diseases by limiting exposure to the harmful asbestos fibers in asbestos containing materials. On January 10, 1989 proposed revisions of the NESHAP standard further clarified this intent (CFR, 1989) .
EPIDEMIOLOGY OF ASBESTOS
ASSOCIATED DISEASES To best understand the approach taken by these agencies, it is necessary to review briefly the epidemiology of asbestos associated diseases: asbestosis, lung cancer, mesothelioma, and cancers of the gastrointestinal tract. Epidemiology as a science searches to identify factors that contribute to the unarrested spread of something such as a disease com-Evidence exists that exposures to airborne asbestos may result in airway abnormalities. mon to or affecting many in a population. Epidemiologists view disease causation as a combination of multiple factors, and use a model or equation of factors that represent the agent, person or host, place and time, or environment. Some models also include vehicle or transmission factors.
Agent Factors
The agent factors for asbestos that have been studied are mineral chemistry and fiber size, shape, and dose . The commercial varieties of asbestos fibers are actinolite, amosite, anthophylite, crocidolite, trernolite, and chrysotile (CFR, 1986). These varieties are different in size, shape, and color when viewed under a microscope. The first five varieties are straight and termed "amphiboles." The last variety is curved and called "serpentine. "
An association between fiber shape and type of asbestos related disease has been shown in some studies (Churg, 1982; Howard, 1984; McDonald, 1983; Nicholson, 1983; Reeves, 1976) . Several studies support fiber size and association with disease (Churg, 1984; Churg, 1986; Harris, 1976; Nicholson, 1(83) . Studies examining lung tissue support evidence that asbestos fibers contribute to tissue changes (Wright, 1(86) . Follow up and retrospective studies support evidence of cumulative exposure and increased risk (Newhouse, 1979; Pero, 1985; Selikoff, 1978) .
Host Factors
Relative to asbestos disease, the host factors studied and found significant are: smoking habits, occupa-tion, susceptible body tissue, and age. As reviewed by Selikoff (1908) , smoking and asbestos exposure multiply the relative risk of lung cancer 50 to 90 times.
Many studies support a correlation between the intensity and duration of asbestos exposure and observed excess in lung cancer and mesothelioma (Newhouse, 1979; Nicholson, 1983; Selikoff, 1(78) . Studies of asbestos related disease in occupational, paraoccupational, and neighborhood exposure support greater incidence of disease occurring with cumulative dose (Nicholson, 1983; Pero, 1(85) . Most studies report excess disease among workers who have mined, milled, manufactured, or installed asbestos-containing products (Re itze , 1972; Selikoff, 1(78) .
Age is another host factor due to a significant latency between asbestos fiber exposure and onset of asbestos related diseases. Latency ranges from 5 to 40 years. It is hypothesized that the bodv is not able to break down or excrete retained asbestos fibers (Gerrard, 191'16; Nicholson, 1983; Selikoff, 1(80) .
The most susceptible parts of the human body to asbestos related diseases are the lungs, lining of the lungs, abdomen, and the gastrointestinal tract. Studies support evidence that the most common route of entry resulting in disease is inhalation. Ingestion also has been researched and has not been ruled out yet as a route of entry (Bccklakc , 1976; Nicholson, 1983; Morgan, 191'15; Wagner, 1(74) .
Environmental Factors
The airborne state of asbestos fibers has been shown to be significantly associated with an increase in incidence of asbestos related diseases. Asbestos fiber aerodynamic studies reveal that fibers can remain suspended for up to 3 days without any air movement (Sawyer, 191'16) . Environments have been studied, not only in the context of the occupational setting, but also as nonoccupational, paraoccupationul (asbestos fibers brought home by workers to expose family members), and neighborhood exposure (exposure as a result of living near an asbestos mine) (Altre-Williams, 1985; Burdett, 1986; Enterline, 1983; Newhouse, 1973; Nicholson, 1983; U.S. EPA, 1980; ). Ambient air studies conducted in the United States from 1969 to 1970 show that chrysotile asbestos is present in a major portion of the metropolitan areas (Nicholson, 1971; Nicholson, 1973; Nicholson, 1983 ). In cities with either a major shipyard or brake manufacturing facilities, the ambient air sample results yielded 20 nanograms per cubic meter of air or more (U.S. EPA, 1974) .
A review of data from a compilation of studies in the United States and Europe found that concentrations of asbestos in schools and other buildings were four to 100 times greater inside the buildings thanoutside (Nicholson, 1983) . In this same review, Nicholson reported that studies of the houses of asbestos mine workers who did not shower or change clothes before going home showed air. concentrations ranging from 100 to 5000 nanograms per cubic meter of air (ng/rn'), versus 32 to 65 ng/rn' with non-miner homes in the same community.
Vehicle Factors
Vehicle factors relate to the condition of materials in which asbestos fibers appear and indoor air pollution mechanisms. Asbestos containing materials vary greatly in their fiber breakdown and release potential. Products can have fibers tightly bound or loosely sprayed onto surfaces. The breakdown or friability (ability to be crumbled or crushed under hand pressure) of these products and building activity are found to contribute to the amount of airborne fibers present in a given environment (U.S. EPA, 1980; U.S. EPA, 1983) .
Studies of buildings have examined specific products frequently associated with asbestos fibers. A 1984 national survey of asbestos contain-The host factors found to be significant and relative to asbestos are smoking habits, occupation, susceptible body tissue, and age.
ing friable materials in buildings reported that 20% of all public buildings and 33% of schools have some asbestos containing friable materials such as sprayed or troweled-on material, pipe or boiler insulation, or ceiling tile (Greenblatt, 1984) . School buildings are currently a focus of study regarding vehicle and environmental factors contributing to asbestos related diseases (CFR, 1982) . A feasibility study was conducted by the EPA in 1983 using study sites randomly selected from all the student activity areas in a large urban United States school district (129 schools). The purpose of the study was to document exposure to airborne asbestos resulting from friable ACM within the school buildings. Two principal conclusions were: • Airborne asbestos levels inside school buildings with asbestos are significantly higher than outdoor ambient levels due to the release of asbestos fibers from asbestos containing materials inside those buildings. • Within a school building, asbestos fibers are transported from rooms having ACM to rooms without these materials (US EPA, 1983 ). Asbestos control and removal often is expensive. Many problems can and do occur with each choice of response to the discovery of ACM within a building. OSHA and EPA have outlined worker protection practices using personal protective equipment and engineering controls to limit exposure to building occupants and operations, maintenance, and removal personnel (CFR 29, 1986; CFR 40, 1987) .
IMPLICATIONS FOR OCCUPATIONAL HEALTH
NURSING The goal of occupational health nursing is to prevent disease and disability associated with workplace exposures. In the case of asbestos related disease this goal can be addressed in a variety of ways. Awareness of potential sources of exposure is important. Asbestos containing' material takes many forms, from sprayed and troweled~on material to pipe insulation. Identification of these sources and careful observance to prevent release of fibers in the air is the first step.
OSHA has outlined methods of response to the identification of asbestos in the worksite (CFR, 1986) . The standard requires training for all employees expected to be exposed to airborne asbestos at or above the action level of 0.1 fibers per cc. This training is often provided by the occupational health nurse in consultation with other members of the occupational health and safety team.
The content of the training program is intended to inform employees of: the hazards to which they are exposed; the necessary steps to protect themselves, including those to be taken during emergency situations; the proper use and limitations of respirators and protective equipment; a description of health examinations and their purpose; implementation of work practices and the use of available engineering controls; the contents of the standard; and the added risk of lung cancer due to the combination of cigarette smoking and asbestos exposure (CFR, 1986) .
Due to the synergistic effects of smoking and asbestos, policies for no smoking in conjunction with smoking cessation programs are encouraged. Occupational health nurses have been instrumental in many of these types of programs (Hourigan, 1989; Scott, 1989) .
Medical (health) surveillance is required by OSHA. A preplacement examination and history provide a baseline of information for the surveillance effort. This is then followed by annual examinations, currently required to be under the supervision of a physician. A portion of the surveillance effort often implemented by the occupational health nurse is a respiratory disease questionnaire and history. The questionnaire elicits information from em-, ployees about their work environment and job responsibilities; symptoms of possible respiratory illness such as coughing, chest tightness, and breathlessness; tobacco smoking habits; and occupational history. This questionnaire is used in conjunction with the pulmonary function test to detect early stages of asbestos induced respiratory disease. Results of medical (health) surveillance must be recorded in conformity with the standard and retained for the duration of employment plus 30 years.
Personal protection, in the form of protective clothing as well as respiratory protection, may be necessary in those situations where engineering controls cannot be instituted. The occupational health nurse assists in the identification of goodness-of-fit • between the individual and the level of protection needed. Respirators require a proper facial fit; thus variations in facial dimensions must be considered. Reduced efficiency may occur because of increased breathing resistance during use of a respirator.
Respirator use also may cause heat stress, reduced vision, and limited verbal communication. All of these annoying and potentially fatiguing results of personal protection must be considered by occupational health nurses in their efforts to provide protection to the worker.
Finally, areas containing asbestos are to be regulated. Access is limited and eating, drinking, and smoking are prohibited. The nurse can take an active role in communicating to workers the necessity of these precautions. Precautionary signs, health hazard bulletins, and informational brochures can all serve to educate the employee on the potential risks of asbestos exposure.
Whatever strategy is used to control or remove the asbestos hazard, occupational health nurses must be active in their efforts to prevent disease and disability associated with exposure. Educating employees on the risks of exposure, implementing engineering controls, and enforcing OSHA standards all can contribute to a healthier work force.
